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Description 

[FLASH MEMORY CELL AND 
MANUFACTURING METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92124559, filed September 05, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a non-volatile memory 
device. More particularly, the present invention relates to 
a flash memory cell and manufacturing method thereof. 

[0004] Description of the Related Art 

[0005] Flash memory is a device that allows multiple data writing, 
reading and erasing operations. In addition, the stored 
data will be retained even after power to the device is re- 
moved. With these advantages, flash memory has been 
broadly applied in personal computer and electronic 
equipment. 



[0006] A typical flash memory device has a floating gate and a 
control gate fabricated using doped polysilicon. The con- 
trol gate is set up above the floating gate with an inter- 
gate dielectric layer separating the two. Furthermore, a 
tunneling oxide layer is also set up between the floating 
gate and an underlying substrate to form a so-called 
stacked gate flash memory cell. 

[0007] Fig. 1 is a schematic cross-sectional view showing the 

structure of a conventional stacked gate flash memory ce 
(according to U.S. Patent No. 6,214,668). As shown in Fig 
1, the flash memory includes of a p-type substrate 100, ; 
deep n-well region 102, a p-type pocket doped region 
104, a stacked gate structure 106, a source region 108, a 
drain region 110, spacers 112, an inter-layer dielectric 
layer 114, a contact plug 116 and a conductive line 118 ( 
bit line). The stacked gate structure 106 further includes 
tunneling oxide layer 120, a floating gate 122, an inter- 
gate dielectric layer 124, a control gate 126 and a cap 
layer 128. The deep n-well region 102 is located within 
the substrate 100 and the stacked gate structure 106 is 
located above the p-type substrate 100. The source re- 
gion 108 and the drain region 110 are located within the 
p-type substrate on each side of the stacked gate struc- 



ture 106. The spacers 112 are attached to the sidewalls of 
the stacked gate structure 106. The p-type pocked doped 
region 104 is located within the deep n-well region 102 
and extends from the drain region 110 to the area under- 
neath the stacked gate structure 106. The inter-layer di- 
electric layer 114 is set above the p-type substrate 100. 
The contact plug 116 passes through the inter-layer di- 
electric layer 114 and the p-type substrate 100 and shorts 
the drain region 110 and the p-type pocket doped region 
104 together. The conductive line 118 is positioned over 
the inter-layer dielectric layer 114 but is electrically con- 
nected to the contact plug 116. 
[0008] In the aforementioned flash memory cell, the conductive 
line 118 (the bit line) connects through the contact plug 
116 with the drain region 110 and the p-type pocked 
doped region 104 each having a different electrical con- 
ductive state. In general, the contact of the drain region 
110 and the p-type pocked doped region 104 with the 
contact plug 116 is usually poor (a small contact area be- 
tween the contact plug 116 and the drain region 110 due 
to vertical contact). Therefore, the electrical resistance 
near the drain region and the p-type pocket doped region 
104 is unusually high or unstable when the memory cell is 



carrying out an operation (especially when the memory 
cell is carrying out a reading operation). An increase in 
electrical resistance often slows down device operation 
and leads to a drop in overall performance. 
[0009] In addition, in the step of forming the contact plug 116, 
the inter-layer dielectric layer 114 and the p-type sub- 
strate 100 have to be etched so that a contact hole pene- 
trating the inter-layer dielectric layer 114 and the drain 
region 110 is formed. Since the contact hole has a rela- 
tively high aspect ratio and two different types of materi- 
als (silicon oxide and silicon) need to be etched in the 
etching process, controlling the depth of the contact hole 
is very difficult. Furthermore, in a later stage processing 
operation, the contact plugs in the memory cell region 
and the contact plugs in the peripheral circuit region have 
to be formed separately. In other words, subsequent fab- 
rication process is also quite complicated. 
Summary of Invention 

[0010] Accordingly, at least one objective of the present inven- 
tion is to provide a flash memory cell and a manufacturing 
method thereof that can reduce the contact resistance be- 
tween a bit line and a drain region or a p-type pocket 
doped region. Hence, reading current in each memory cell 



is increased and overall performance of the flash memory 
device is improved. 

[0011] At least a second objective of this invention is to provide a 
flash memory cell and a manufacturing method thereof 
that can increase processing window and reduce the num- 
ber of processing steps, production cost as well as time. 

[0012] Jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a flash 
memory cell. The flash memory cell includes a first con- 
ductive type substrate, a second conductive type well re- 
gion, a stacked gate structure, a source region, a drain re- 
gion, a first conductive type pocket doped region, spac- 
ers, a first conductive type doped region and a contact 
plug. The second conductive type well region is set up 
within the first conductive type substrate. The stacked 
gate structure is set up over the first conductive type sub- 
strate. The stacked gate structure further includes a tun- 
neling oxide layer, a floating gate, an inter-gate dielectric 
layer, a control gate and a cap layer sequentially formed 
over the first conductive type substrate. The source region 
and the drain region are set up in the first conductive type 
substrate on each side of the stacked gate structure. The 



first conductive type poclcet doped region is set up witiiin 
tlie second conductive type well region and extends from 
the drain region to an area underneath the stacked gate 
structure adjacent to the source region. The spacers are 
attached to the sidewalls of the stacked gate structure. 
The first conductive type doped region is set up within the 
drain region. The first conductive type doped region 
passes through the junction between the drain region and 
the first conductive type pocket doped region but is sepa- 
rated from the spacer by a distance. The contact plug is 
set up over the drain region and is electrically connected 
to the first conductive type doped region. 
[0013] In this invention, the first conductive type pocket doped 
region and the drain region are short-circuit connected 
together to facilitate reading data from the flash memory 
cell. Furthermore, by connecting drain region with the first 
conductive type pocket doped region together through 
the first conductive type doped region and separating the 
first conductive type doped region and the spacer by a 
distance (the distance is preferably greater than the depth 
of the drain region), the original vertical contact between 
the contact plug and the drain region is converted to a 
horizontal contact. Hence, the overall contact area be- 



tween the contact plug and the drain region is increased 
and resistance between the contact plug and the first con- 
ductive type pocket doped region or the drain region is 
reduced. Ultimately, the flash memory cell can have a 
higher read-out rate and a better performance. 
[0014] This invention also provides a method of fabricating a 

flash memory cell. First, a first conductive type substrate 
is provided. A second conductive type first well region is 
formed within the substrate and a stacked gate structure 
is formed over the substrate. The stacked gate structure 
includes a tunneling oxide layer, a floating gate, an inter- 
gate dielectric layer, a control gate and a cap layer se- 
quentially formed over the substrate. A first conductive 
type pocket doped region is formed in a substrate area 
designated for forming a drain region. The first conduc- 
tive type pocked doped region extends to the area under- 
neath the stacked gate structure adjacent to a substrate 
area designated for forming a source region. Thereafter, a 
source region and a drain region are formed in the sub- 
strate on each side of the stacked gate structure and 
spacers are formed on the sidewalls of the stacked gate 
structure. A first conductive type doped region is formed 
within the drain region. The first conductive type doped 



region passes through a junction between the drain region 
and the first conductive type pocl<et doped region. An in- 
ter-layer dielectric layer is formed over the substrate and 
a portion of the inter-layer dielectric layer and the spacers 
are removed to form a contact hole. The contact hole ex- 
poses the drain region and the first conductive type 
pocket doped region and separates the first conductive 
type doped region from the spacer by a distance. Finally, a 
contact plug is formed in the contact hole connecting the 
drain region and the first conductive type doped region 
electrically. 

[0015] In the aforementioned fabricating method, by forming the 
first conductive type doped region that passes through 
and shorts the drain region and the first conductive type 
pocket doped region, the original vertical contact between 
the contact plug and the drain region is converted to a 
horizontal contact. Hence, the overall contact area be- 
tween the contact plug and the drain region is increased 
and resistance between the contact plug and the first con- 
ductive type pocket doped region or the drain region is 
reduced. 

[0016] In other words, the flash memory cell can have a higher 
read-out rate and a better performance. 



[0017] Furthermore, by forming the first conductive type doped 
region that passes through the drain region and shorts 
with the first conductive type pocl<et doped region, there 
is no need to form a contact plug that passes through the 
drain region and the first conductive type pocl<et doped 
region. In the process of forming the contact plug, only a 
portion of the inter-layer dielectric layer and a portion of 
the spacers need to be etched away to form the contact 
hole. Hence, there is no need to etch two different types 
of materials (silicon oxide and silicon). Consequently, the 
etching process for forming the contact hole is easier to 
perform and depth of the contact hole is easier to control. 
In other words, the contact plug has a wider processing 
window. In addition, it is now possible to fabricate the 
contact plug in the memory cell region and the contact 
plugs in the peripheral circuit region together. Therefore, 
late stage processing is very much simplified by the fabri- 
cating method. 

[0018] This invention also shortens the distance separating 

neighboring stacked gate structures (that is, the width of 
the source region is smaller). Thus, the spacer on the 
sidewall of the stacked gate structure adjacent to the 
source region is able to connect with and cover the source 



region. In a subsequent process, the stacked gate struc- 
ture with the spacers thereon can be directly used as a 
self-aligned mask to form the first conductive type doped 
region that passes through the drain region and the first 
conductive type pocket doped region. In other words, the 
fabrication process is simplified. Furthermore, the spacer 
can be a single or a double layer spacer. By forming a 
double-layered spacer each having a different etching rate 
such that the outer spacer has an etching rate identical to 
the inter-layer dielectric layer, the inner spacer can be 
used as an etching mask to increase the processing win- 
dow for fabricating the contact plug. 
[0019] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0020] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 



[0021] Fig. 1 is a schematic cross-sectional view sliowing the 
structure of a conventional stacked gate flash memory 
cell. 

[0022] Figs. 2A through 2C are schematic cross-sectional views 
showing the structure of flash memory cells according to 
this invention. 

[0023] Figs. 3A through 31 are schematic cross-sectional views 

showing the progression of steps for fabricating a flash 

memory cell according to this invention. 
Detailed Description 

[0024] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0025] Fig. 2A is a schematic cross-sectional view showing the 
structure of a flash memory cell according to this inven- 
tion. Figs. 2B and 2C are schematic cross-sectional views 
showing other flash memory cell structures according to 
this invention. In Figs. 2B and 2C, components identical to 
the ones in Fig. 2A are labeled identically. As shown in 
Fig. 2A, the flash memory of this invention includes a p- 



type substrate 200, a deep n-well region 202, a p-type 
pocket doped region 204, a stacl<ed gate structure 206, a 
source region 208, a drain region 210, spacers 212, an 
inter-layer dielectric layer 214, a contact plug 216, a con- 
ductive line 218 (a bit line) and a p-type doped region 
230. The stacked gate structure 206 further includes a 
tunneling oxide layer 220, a floating gate 222, an inter- 
gate dielectric layer 224, a control gate 226 and a gate 
cap layer 228. 

[0026] The deep n-well region 202 is located within the p-type 
substrate 200. The stacked gate structure 206 is set up 
over the p-type substrate 200. The source region 208 and 
the drain region 210 are set up within the p-type sub- 
strate 200 on each side of the stacked gate structure 206. 
The p-type pocket doped region 204 is located within the 
deep n-well region 202 and extends to an area under- 
neath the stacked gate structure 206 adjacent to one side 
of the source region 208. 

[0027] The spacers 212 are attached to the sidewalls of the 

stacked gate structure 206. Each spacer 212 may include 
of an inner spacer 212a and an outer spacer 212b. The 
inner spacer 212a and the outer spacer 212b are fabri- 
cated with materials having different etching selectivity. 



For example, the outer spacer 212b is formed using a 
material having an etching selectivity identical to the in- 
ter-layer dielectric layer. Furthermore, the outer spacer 
212b on the side closest to the source region 208 not 
only connects with the source region 208 but also covers 
a portion of the source region 208. 

[0028] jhe inter-layer dielectric layer 214 is set up over the p- 
type substrate 200. The contact plug 216 is set up within 
the inter-layer dielectric layer 214 for connecting electri- 
cally with the drain region 210. The p-type doped region 
230 is set up within the drain region 210. The p-type 
doped region 230 passes through a junction between the 
drain region 210 and the p-type pocket doped region 204 
but is detached from the spacer 212a by a distance 232. 
The distance 232 is greater than the overall depth of the 
drain region 210, for example. 

[0029] In this invention, the p-type pocket doped region 204 and 
the drain region 210 are short-circuit connected together 
to increase the read-out rate of each flash memory cell. 
Furthermore, using the p-type doped region 230 to con- 
nect the drain region 210 and the p-type pocket doped 
region 204 together and separating the p-type doped re- 
gion 230 from the spacer 212a by the distance 232, the 



original vertical contact between the contact plug 216 and 
the drain region 210 is converted to a horizontal contact. 
Hence, the overall contact area between the contact plug 
216 and the drain region 210 is increased and resistance 
between the contact plug 216 and the p-type pocket 
doped region 204 or the drain region 210 is reduced. Ul- 
timately, the flash memory cell can have a higher read-out 
rate and a better performance. 
[0030] In the aforementioned embodiment, the spacer 212 has a 
double-layered structure (the spacer 212a and the spacer 
212b). Furthermore, the spacer 212b on the side of the 
stacked gate structure 212 close to the source region 208 
connects with and covers the entire source region 208. 
However, the flash memory cell of this invention can have 
a structure shown in Fig. 2B. Here, the spacer 212b on the 
side of the stacked gate structure 212 close to the source 
region 208 does not cover the entire source region 208. 
However, the p-type doped region 230 still separates 
from the spacer 232b by a distance 232. In addition, the 
flash memory cell can be constructed in a form shown in 
Fig. 2C. Here, the spacer 212 is a single-layered structure 
with the p-type doped region 230 separated from the 
spacer 212 by a distance 232. Hence, the flash memory 



cell according to this invention is not limited by the con- 
figuration of the spacer 212. The effect of this invention 
can be achieved as long as the p-type doped region 230 
separates from the spacer 212 by a distance 232, and the 
distance 232 is greater than the depth of the drain region 
210, for example. 
[0031] Figs. 3A through 31 are schematic cross-sectional views 
showing the progression of steps for fabricating a flash 
memory cell according to this invention. A bi-directional 
NOR (BINOR) gate flash memory array with a structure 
shown in Fig. 2A is used as an example. First, as shown in 
Fig. 3A, a p-type substrate 300 having some device isola- 
tion structures (not shown) thereon is provided. The de- 
vice isolation structures have a linear layout that partitions 
out various active regions. In general, the device isolation 
structures are formed, for example, by performing a local 
oxidation of silicon (LOCOS) or a shallow trench isolation 
(ST!) process. A deep n-well region 302 is formed in the 
p-type substrate 300. Thereafter, an oxide layer 304 is 
formed over the p-type substrate 300, for example, by 
performing a thermal oxidation process. The oxide layer 
304 serves as a tunneling oxide layer and has a thickness 
between 90A and lOOA. A conductive layer (not shown) is 



formed over the oxide layer 304. The conductive layer is a 
doped polysilicon layer with a thickness of about 8OOA 
formed, for example, by performing a chemical vapor de- 
position process to form an undoped polysilicon layer and 
carrying out an implantation thereafter. The conductive 
layer is patterned to form a linear conductive layer 306 
over the active region. 
[0032] As shown in Fig. 3B, an inter-gate dielectric layer 308, a 
conductive layer 310 and a cap layer 312 are sequentially 
formed over the substrate 300. The inter-gate dielectric 
layer 308 is an oxide/nitride/oxide composite layer with a 
thickness of 60A/70A/60A respectively. The inter-gate 
dielectric layer 308 is formed, for example, by performing 
a low-pressure chemical vapor deposition process. Obvi- 
ously, the inter-gate dielectric layer 308 can be a silicon 
oxide layer or an oxide/nitride composite layer as well. 
The conductive layer 310 is a doped polysilicon layer with 
a thickness of about 2000 A, for example. The conductive 
layer 310 is formed, for example, by performing a chemi- 
cal vapor deposition process with in-situ doping. How- 
ever, the conductive layer 310 can also be a polycide 
layer. The polycide layer is formed, for example, by de- 
positing polysilicon over the inter-gate dielectric layer 



308 and then depositing metallic material to react with 
the polysilicon. The metallic material that reacts with 
polysilicon to form the polycide layer can be selected from 
a group consisting of nickel, tungsten, cobalt, titanium, 
platinum and palladium. The cap layer 312 with a thick- 
ness of about 1500A is fabricated using a material having 
an etching selectivity that differs from a subsequently 
formed inter-layer dielectric layer such as silicon nitride in 
a chemical vapor deposition process, for example. 
[0033] As shown in Fig. 3C, the cap layer 312 and the conductive 
layer 310 are patterned through a mask (not shown) to 
form a cap layer 312a and a conductive layer 310a that 
serves as a control gate. In the process of patterning the 
conductive layer 310a, the same mask is also used to pat- 
tern the inter-gate dielectric layer 308, the conductive 
layer 306 and the oxide layer 304 for forming the inter- 
gate dielectric layer 308a, the conductive layer 306a and 
the oxide layer 304a. The conductive layer 306a serves as 
a floating gate. In other words, the cap layer 312a, the 
conductive layer (the control gate) 310a, the inter-gate 
dielectric layer 308a, the conductive layer (the floating 
gate) 306a and the oxide layer (the tunnel oxide layer) 
304a together form a stacked gate structure 314 of the 



flash memory cell. 

[0034] As shown in Fig. 3D, a patterned photoresist layer 316 is 
formed over the entire substrate 300. The patterned pho- 
toresist layer 316 exposes areas for forming drain re- 
gions. A pocket ion implantation is carried out using the 
stacked gate structure 314 and the patterned photoresist 
layer 316 as a mask so that dopants are implanted into 
the deep n-well region 302 of the substrate 300 close to 
the drain region to form a p-type pocket doped region 
318. The pocket ion implantation includes a tilt ion im- 
plantation performing with dopants implanted at a tilt an- 
gle set to a value between 0" to 180°. Thus, the p-type 
pocket doped region 318 is able to extend from the area 
designated for forming the drain region to an area under- 
neath the stacked gate structure 314 adjacent to an area 
designated for forming the source region. 

[0035] As shown in Fig. 3E, the patterned photoresist layer 316 is 
removed. A thermal processing operation is performed at 
a temperature of about 900°C surrounded by gaseous 
oxygen dopants to drive-in dopants. Thereafter, using the 
stacked gate structure 314 as a mask, an ion implantation 
is carried out implanting dopants into the substrate 300 
on each side of the stacked gate structure 314 to form a 



drain region 320 and a source region 322. Tlie implanted 
dopants are n-type ions, for example. 
[0036] As shown in Fig. 3F, spacers 324a are formed on the side- 
walls of the stacked gate structure 314. The spacers 324a 
are formed, for example, by deposition insulating material 
over the stacked gate structure 314 and the substrate 300 
to form an insulation layer (not shown) that has an etching 
selectivity different from a subsequently formed inter- 
layer dielectric layer such as a silicon nitride layer and 
then removing a portion of the insulation layer by per- 
forming an anisotropic etching operation. Thereafter, an- 
other spacer 324b is formed on the spacer 324a covered 
sidewalls of the stacked gate structure 314. The spacers 
324b are formed, for example, by deposition insulating 
material over the stacked gate structure 314, the spacers 
324a and the substrate 300 to form an insulation layer 
(not shown) that has an etching selectivity similar to the 
subsequently formed inter-layer dielectric layer such as a 
silicon oxide layer, and then removing a portion of the in- 
sulation layer by performing an anisotropic etching oper- 
ation. Furthermore, because the gap between two neigh- 
boring stacked gate structures 314 is rather small (width 
of the source region 322 is small), the spacers 324b on 



the source region 322 side of the stacl<ed gate structures 
324 connect and cover the source region 322. In a subse- 
quent process, the staclced gate structures 314 together 
with the spacers 324b can be used as a self-aligned mask. 
Obviously, the spacers can have a structure similar to that 
in Fig. 2B, in which the spacers on the source side do not 
cover the entire source region or a structure similar to 
that in Fig. 2C, in which the spacers are single-layered 
structure. 

[0037] As shown in Fig. 3G, a patterned photoresist layer 326 is 
formed over the entire substrate 300. The patterned pho- 
toresist layer 326 exposes the drain region 320. There- 
after, using the patterned photoresist layer 326, the spac- 
ers 324a and 324b as a mask, an ion implantation is car- 
ried out implanting dopants into the drain region 320 to 
form a p-type doped region 328. The p-type doped re- 
gion 328 passes through a junction between the drain re- 
gion 320 and the p-type pocket doped region 318 and 
shorts the two together. In the implantation process, 
boron difluoride (BF^) ions are used as the dopants, for 
example. Because the spacers 324b on each side of the 
stacked gate structures 314 completely covers the source 
region 322, the stacked gate structures 314 and the spac- 



ers 324b can be used as a self-aligned mask to form the 
p-type doped region 328 without forming the patterned 
photoresist layer. 

[0038] As shown in Fig. 3H, the patterned photoresist layer 326 
is removed. Another inter-layer dielectric layer 330 is 
formed over the substrate 300. The inter-layer dielectric 
layer 330 is a borophosphosilicage glass (BPSG) layer or a 
phosphosilicate glass (PSG) layer formed, for example, by 
performing a chemical vapor deposition process. The in- 
ter-layer dielectric layer 330 is planarized, for example, 
by performing an etching back process or a chemical- 
mechanical polishing process. Thereafter, the inter-layer 
dielectric layer 330 is patterned to form contact holes 332 
that expose the drain region 320 and the p-type doped 
region 328. Because the spacer 324a has an etching se- 
lectivity different from that of the inter-layer dielectric 
layer 330, and the spacer 324b has an etching selectivity 
similar to that of the inter-layer dielectric layer 330, the 
spacers 324b exposed through the contact hole 332 are 
also removed. Finally, the p-type doped region 328 sepa- 
rates from the spacer 324a (or any residual spacers 324b) 
by a distance 334. 

[0039] As shown in Fig. 31, a contact plug 336 is formed inside 



the contact hole 332 to connect the p-type doped region 
328 and the drain region 320 electrically. The contact 
plug 336 is fabricated using a material including tungsten 
and formed by depositing conductive material into the 
contact hole 332, for example. Thereafter, a conductive 
line 338 is formed over the inter-layer dielectric layer 330 
to connect with the contact plug 336. The conductive line 
338 is formed, for example, depositing conductive mate- 
rial over the substrate 300 to form a conductive layer (not 
shown) and performing photolithographic and etching 
processes thereafter. Finally, other processes for fabricat- 
ing a complete flash memory are performed. Since con- 
ventional processes are used, detailed description is omit- 
ted. 

[0040] In the aforementioned fabricating method, by forming the 
p-type doped region 328 that passes through and shorts 
the drain region 320 and the p-type pocket doped region 
318 together, the original vertical contact between the 
contact plug 336 and the drain region 320 is converted to 
a horizontal contact. Hence, the overall contact area be- 
tween the contact plug 336 and the drain region 320 is 
increased and resistance between the contact plug 336 
and the p-type pocket doped region 318 or the drain re- 



gion 320 is reduced. 

[0041] In other words, the flash memory cell can have a higher 
read-out rate and a better performance. 

[0042] Furthermore, by forming the p-type doped region 328 

that passes through the drain region 320 and shorts with 
the p-type pocket doped region 318, there is no need to 
form the contact plug 336 that passes through the drain 
region 320 and the p-type pocket doped region 318. In 
the process of forming the contact plug 336, only a por- 
tion of the inter-layer dielectric layer 330 and a portion of 
the spacers 324b need to be etched away to form the 
contact hole 332. Hence, there is no need to etch two dif- 
ferent types of materials (silicon oxide and silicon). Con- 
sequently, the etching process for forming the contact 
plug 336 is easier to perform and the depth of the contact 
hole 332 is easier to control. In other words, the contact- 
plug 336 has a wider processing window. In addition, it is 
now possible to fabricate the contact plugs in the memory 
cell region and the contact plugs in the peripheral circuit 
region together. Therefore, late stage processing is very 
much simplified by the fabricating method. 

[0043] This invention also shortens the distance separating 
neighboring stacked gate structures 314 (that is, the 



width of the source region 322 is smaller). Thus, the 
spacer 324b on the sidewall of the stacked gate structure 
314 adjacent to the source region 322 is able to connect 
with and cover the source region 322. In a subsequent 
process, the stacked gate structures 314 with the spacers 
324b thereon can be directly used as a self-aligned mask 
to form the p-type doped region 328 that passes through 
the drain region 320 and the p-type pocket doped region 
318. In other words, the fabrication process is simplified. 

[0044] Furthermore, the spacer can be a single or a double layer 
spacer. By forming a double-layered spacer each having a 
different etching rate such that the outer spacer has an 
etching rate identical to the inter-layer dielectric layer, the 
inner spacer can be used as an etching mask to increase 
the processing window for fabricating the contact plug. 

[0045] Although the aforementioned embodiment uses a p- 

channel flash memory cell to illustrate the fabrication pro- 
cess, the method of this invention can also be applied to 
form an n-channel flash memory cell. 

[0046] It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 



tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



